Burdo J, O'Dwyer L. The effectiveness of concept mapping and retrieval practice as learning strategies in an undergraduate physiology course. Adv Physiol Educ 39: 335-340, 2015; doi:10.1152/advan.00041.2015.-Concept mapping and retrieval practice are both educational methods that have separately been reported to provide significant benefits for learning in diverse settings. Concept mapping involves diagramming a hierarchical representation of relationships between distinct pieces of information, whereas retrieval practice involves retrieving information that was previously coded into memory. The relative benefits of these two methods have never been tested against each other in a classroom setting. Our study was designed to investigate whether or not concept mapping or retrieval practice produced a significant learning benefit in an undergraduate physiology course as measured by exam performance and, if so, was the benefit of one method significantly greater than the other. We found that there was a trend toward increased exam scores for the retrieval practice group compared with both the control group and concept mapping group, and that trend achieved statistical significance for one of the four module exams in the course. We also found that women performed statistically better than men on the module exam that contained a substantial amount of material relating to female reproductive physiology. retrieval practice; concept mapping; sex; learning HISTORICALLY, introductory undergraduate physiology education has involved large course sizes and a predominantly lecture-based format. Over the previous several decades, numerous active engagement strategies have been incorporated into these types of courses, both in and out of the classroom, in an attempt to facilitate learning and retention of knowledge. Concept mapping and retrieval practice are two common examples of these strategies.
Concept maps are hierarchical representations of knowledge. Construction of them involves linking concepts, which are typically nouns or verbs with or without modifying adjectives or adverbs such as "brain," "anterior pituitary," or "sarcomere contraction," through the use of linking phrases into propositional statements. The use of concept mapping has been shown to produce learning gains in the physiology classroom (5, 14) . Recently, however, it was shown that, compared with concept mapping, retrieval practice produces superior gains in both short-and long-term learning gains (8) . Retrieval practice involves internally recalling previously learned information as opposed to rereading or relistening to information that was previously seen or heard. Retrieval practice forms the basis of the testing effect, a phenomenon in which taking a quiz or test enhances future performance on the material compared with encoding reinforcement or with no reexposure at all (2, 12) . Retrieval practice can take numerous other forms instead of in-class declarative assessment that is tied to a quiz or exam grade, including formative assessment, self-quizzing, and quizzing within study groups. Studies on the benefit of retrieval practice have only recently become more common, yet several have shown that there are significant mnemonic effects (7, 15) . However, a major limitation to these studies, as pointed out by Mintzes et al. (9) , is that this research was carried out in a psychology laboratory setting rather than as an embedded intervention in a real undergraduate course.
The research described here was conducted to determine if concept mapping or retrieval practice leads to measureable learning gains in an undergraduate physiology course. The study used a three-group pre-post design to compare outcomes for undergraduate students using concept mapping, retrieval practice, or business-as-usual approaches when studying. During the spring semester of 2014 at a midsize, selective, 4-yr private university, the Introduction to Physiology course consisted of 161 students at the outset of the course. There was only one delivery of this course, so it was not feasible to perform in-class educational interventions involving concept mapping or retrieval practice while maintaining a control group with no intervention. Instead, two intervention sessions were organized outside of the normal class meeting time. One session consisted of 21 students working in pairs to build concept maps relating to the previous week's class content, and a second group of 21 students performed group retrieval practice by quizzing a fellow student on material relating to the previous week's class content. These sessions met weekly for 45 min throughout the semester. The remaining students in the course received no concept mapping or group retrieval practice interventions and served as the control group. Based on the substantial increases in exam performance, our results indicated that retrieval practice may be a beneficial student learning technique for increasing declarative knowledge in physiology.
MATERIALS AND METHODS
Quasiexperimental procedures. All of the recruitment and study methods described below were approved by the Institutional Review Board of Boston College. The spring 2014 BI303 Introduction to Physiology course at Boston College consisted an initial enrollment of 161 students, in 1 delivery, meeting twice weekly for 75 min/session. Of these 161 students, 144 students completed the course. There was no laboratory experience associated with the course. At the beginning of the course, students were told of the existence of two study groups meeting outside of normal class time once a week for 45 min and were recruited to participate on a volunteer basis. They were given written descriptions containing the general guidelines of this educational study and asked to indicate if they agreed to participate. Since participating in these groups was voluntary, and the presence of the groups and the extra time requirement was not indicated during the course registration period, we assumed that some students would not want to or have the free time available to participate. To avoid excluding those students from the control group who did no extra work, we gave the students the option of indicating if they wished to participate in the study as a member of the control group only or as either an experimental or control group member. Forty-five students indicated that they would participate in only the control group, with the remaining students (116 students) indicating that they would participate in either the control or experimental groups.
One of us (J. Burdo) was the instructor of record for the course and personally led both experimental groups to avoid any differences in group leader performance or behavior. Because of this limitation, each group was targeted to have a maximum participation of ϳ25 students. Two back-to-back time slots outside of normally scheduled class hours were picked to maximize student availability. Ideally, the participating students would be randomly assigned to one of the three groups, but due to the participation limitations mentioned above and the need to fit the experimental group participants into the two preselected time slots, an online poll was run to ask the 116 potential participants which time slot(s) they could fit into their schedule. After the responses had been analyzed, 21 students were placed into the concept mapping group and 21 students into the retrieval practice group. The remaining 74 students who had indicated an interest in participating in either the control or experimental groups were placed into the control group due to unavailability during the scheduled sessions. This resulted in an initial control group of 119 students. This number, and indeed the number of students in the experimental groups, was subject to change during the semester, as students were free to drop or withdraw from the research or the course at their discretion. While no students from the experimental groups withdrew from the course before the end of the semester, 17 participants from the control group did so, for a final control group size of 102 students.
The experimental groups met once per week for 45 min starting with the second week of class. At the start of the first concept mapping group session, students were given an ϳ15-min tutorial about the theory and practical structure of concept mapping. The instructor (J. Burdo) went through an example on the whiteboard using "the college experience" as the organizing theme and ϳ10 concepts suggested by the students written on the board in a list. Students then provided the instructor with suggestions about how to structure the concept map by linking the concepts with appropriate linking terms. The instructor then gave a quick introduction to the IHMC concept mapping software (http://cmap.ihmc.us/; Florida Institute for Human and Machine Cognition), the platform that the students would be using for concept map construction.
Students in the concept mapping group were then instructed to form working groups of 2-3 students/group and work with their partner(s) to build a list of ϳ20 concepts that they had encountered in class or in their reading during the previous week. These terms were to come from one discrete chapter to facilitate cohesive map construction. After the list was generated, the members of each group worked together to build a logical map based on their understanding of the material. This typically took ϳ30 min. During the first meeting, the instructor moved throughout the room to view the group maps and offer feedback in an effort to ensure proper map structure and troubleshoot any software problems. During subsequent weeks, the instructor did not initiate interactions with the groups and only offered feedback on software use and general map structure, not specific content. Students were encouraged to work out problems and come to a solution with their other group member instead of the instructor for specific content issues. During the last 15 min of the concept mapping session, each working group electronically shared their map with one other group using the CMAP server feature. Each group gave feedback on the map they viewed using the annotate feature of CMAP Tools, saved the annotated map back to the server, and then viewed the comments made on their original map. These maps were also available for students in the concept mapping group to view outside of the session.
During the first retrieval practice session, students were instructed to form working groups of 2-3 students/group and the concept of retrieval practice was briefly discussed. For the first 30 min of this (and subsequent) sessions, students reviewed their notes and textbook and wrote 7-10 quiz questions from the material covered during the previous week. Just before the first question construction, students were briefly instructed on how to write clear and concise quiz questions. Students' questions were to consist of a student-determined mix of multiple-choice and fill-in-the-blank questions. During the last 15 min of the sessions, students swapped questions with the other member(s) of their group. Each member then made an attempt to answer the questions correctly to the best of their ability without using their notes or book. After the questions were answered, they were handed back to the constructor for grading. After marking them correct or incorrect, questions were once again swapped so the student could view their performance and discuss with their partner(s) the correct and incorrect answers.
There were a total of 12 sessions thought the semester for both the concept mapping and retrieval practice groups. Sessions were not a mandatory part of the course, so students in the experimental groups were not required to attend each session. Despite this, participation remained high, with 80 -90% of the students attending each session throughout the semester.
Measures. Since students could not be randomized into the experimental and control groups due to the limits of the study design, a substantial possibility existed that the experimental group participants would be significantly different from the control group participants on measures of preparation, sex, motivation, and interest. To determine whether differences existed between the three groups for several of these measures, students were given a 27-question multiple-choice pretest (3 questions from each of the 9 chapters covered in the class) of basic material that they would be expected to master over the course of the semester. In addition, students were asked to rank, on a scale of 1 (least) to 5 (most), their interest in physiology. These two measures were given to students on the fist day of class. On the final instructional day of the semester, students were given the same 27-question measure as a posttest (they did not know that they would be taking the same test again). Before the instruments were administered, it was stressed to the students that their answers would not affect their grade in the course but that they should answer them to the best of their ability.
We assessed the impact of the experimental manipulations by analyzing the groups' performance on end-of-module exams and on the final exam as well as the final course grade. There were four end-of-module exams given during the course of the semester covering the nervous and endocrine systems; muscle and cardiovascular physiology; respiratory and digestive systems; and immune, urinary, and reproductive systems. The final exam was cumulative, covering concepts presented throughout the semester. All five exams were worth the same amount of points toward the course grade. Only the four highest exam scores (including the final exam) were counted toward the course grade, so the lowest exam score was dropped for each student. Because of this, only 107 of 144 students took the final exam. Exams constituted 80% of the course grade, whereas in-class (10%) and homework assignments (10%) made up the remainder of the grade.
Data analyses. When analyzing the data, we used SPSS to calculate descriptive statistics (means, SDs, etc.) and reported on the results of multiple types of inferential analyses. 2 -Analysis and univariate one-way ANOVA were used to test the equivalence of the groups before the implementation of the intervention. To assess the effect of the intervention on the end-of-module and final exams and on the overall course grade, univariate and multivariate ANOVAs were used.
RESULTS
Before conducting analyses to estimate the effects of different conditions, we compared the sex makeup of the groups and groups' mean pretest scores and interest in physiology scores (Table 1 and Fig. 1 ) using 2 -analysis and ANOVA, respectively. There were no statistically significant differences in group sex composition ( 2 ϭ 0.212, P ϭ 0.900; Table 1 ).
There were no significant differences between means for the three groups on IPS scores [degrees of freedom (df) ϭ 2, 132, F ϭ 1.17, P ϭ 0.313; Fig. 1 ] or on the pretest (df ϭ 2, 132, F ϭ 0.143, P ϭ 0.867). The concept mapping group had the highest percentage of respondents indicating the highest IPS score (5 on a 1-5 scale). The interest in physiology and pretest instruments were given to the students on the first day of the course (before the add/drop period ended), leading to the difference in size between the control group who took these instruments (93) and those who finished the course (102).
The results shown in Table 2 indicate that there were no statistically significant differences between control and experimental group means on three of the four end-of-module exams (exam 1: P ϭ 0.140, exam 3: P ϭ 0.116, exam 4: P ϭ 0.292), the final exam (P ϭ 0.938), or the final course grade (P ϭ 0.055). For exam 2, the F-ratio was significant (df ϭ 2, 141, F ϭ 3.60, P Ͻ .05), and Bonferroni post hoc tests indicated that the retrieval practice group performed significantly better than the concept mapping group (P Ͻ 0.05, partial 2 ϭ 0.049).
When broken down by student sex, some interesting results were observed. When we tested the significance of the differences shown in Table 3 , we found that women had significantly higher scores than men on exam 4 (P ϭ 0.005, partial 2 ϭ 0.056). In addition, we found a statistically significant interaction between group membership and sex, indicating that women in the retrieval practice group had significantly higher scores on exam 4 than men in the retrieval practice group (P ϭ 0.022, partial 2 ϭ 0.055).
DISCUSSION
Our results indicate that, when presented as an adjunct intervention to normal classroom instruction, retrieval practice can increase student performance in an undergraduate physiology course. While a significant increase in grade by the retrieval practice group was only observed for one of the four module exams, the retrieval practice group exam average was higher than that of the control or concept mapping groups for all of the module exams as well as the final grade. These results are congruent with the only other study to our knowledge that has directly compared retrieval practice and concept mapping as an educational intervention (8) . The retrieval practice group average score on the final exam did not follow this trend; however, the final exam was optional in the course. Since the retrieval practice group tended to score higher on the module exams, a higher percentage of those students (9 of 21 students, 43%) did not take the final exam compared with the concept mapping group (3 of 21 students, 14%) or the control group (25 of 102 students, 25%). Based on the educational studies demonstrating the effectiveness of concept mapping in and out of the classroom (6, 10, 11) , it is somewhat surprising that a significant benefit was never demonstrated for the concept mapping group compared with the control group, which received no extra intervention. In fact, while it did not reach statistical significance, the concept mapping group consistently scored lower on every exam and for the final grade compared with the control group. This paradoxical finding highlights several limitations to our study that are important to point out.
First, the power of the study was relatively low by necessity. Only a few dozen students could reasonably be accommodated in each experimental group by the single instructor, and due to the relative lack of schedule overlap, only 21 students actually participated in each of these two groups. Hence, while the differences reported between the retrieval practice group and the other two groups are statistically significant or border on significance in many cases, the effect size is low. This is reflected in the partial 2 values that are consistently between the low and medium effect size range cutoffs as defined by Cohen (3) . This means that, while the differences may be statistically significant, they are not so large as to be easily observable.
Second, while the exams included both verbatim and inference questions, the questions were structured primarily as either multiple-choice or fill-in-the-blank questions. Both of these varieties represented the majority of the question types developed by the students in the retrieval practice group. There were no concept map questions on the exams. Thus, the retrieval practice group did have more experience with the types of questions on the exams. However, all students in the course participated in formative assessment via multiplechoice and fill-in-the-blank questions through the use of Learning Catalytics (www.learningcatalytics.com; Pearson Education) software in the classroom. This software allows the instructor to pose multiple-choice, fill-in-the-blank, quantitative, graphing, or open-ended questions to students in the classroom, which students respond to in real time using their own web-connected devices. Instantly available metrics allow the instructor to determine if the students (individually or as a group) understand the concepts being discussed in class. On average, four to eight Learning Catalytics questions per class session were posed to the students, who were required to participate as part of their grade. Class attendance and participation were high throughout the semester, averaging 90%ϩ for the class meetings. Students were told ahead of time and constantly reminded that the Learning Catalytics questions (which were available for student review outside of class time as well) were similar to the questions that would be on the exams. Thus, all students, including the control and concept mapping group participants, had formative experience with the types of exam questions used most often. In the previous study that compared retrieval practice with concept mapping (8) , it was found that the relative beneficial effect of retrieval practice extended to multiple question types, including short-answer and concept mapping questions. Future investigations should determine if this relative benefit persists in our specific paradigm as well.
A sex effect was observed on exam 4, in which women scored significantly higher than men in the total course population and also in the retrieval practice group. Exam 4 was unique in that it included questions about reproduction and pregnancy, whereas the other three exams did not focus on sexually dimorphic physiology. While it is known that sex does have an effect on the learning style preference of undergraduate physiology students (4, 16) , to our knowledge, ours is the first study that indicates that women perform significantly better than men on questions of reproduction and pregnancy. There are several caveats to this finding. Nine of twenty-five questions on exam 4 related to reproduction or pregnancy. One of the nine questions focused solely on male reproductive physiology, six of the nine questions focused solely on female reproductive physiology, and two of the nine questions had content encompassing both male and female reproductive physiology. The 16 other questions related to concepts that were not sexually dimorphic (at least at the level of our discussions), such as renal or immune system physiology. Unfortunately, it is not known if performance on the reproductive physiology questions specifically produced the difference in sex performance, as the exams were handed back to the students for final exam review before our results were analyzed. However, pedagogically, it is realistic that a difference in performance would exist for these types of questions. Material that is emotional and relevant to the learner is much more likely to be retained in long-term memory than material that is not (Ref. 1; for a review, see Ref. 13) , and the reproduction questions did skew toward female relevance. This interesting phenomenon will be investigated further in future iterations of the course.
In summary, our results show that, in our particular setting, retrieval practice produced significant short-term learning gains on common undergraduate physiology content, whereas concept mapping did not.
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